The rationale for pharmacoinvasive strategy is that many patients have a persistent reduction in flow in the infarct-related artery. The aim of the present study is to assess safety and efficacy of pharmacoinvasive strategy using streptokinase compared to primary PCI and ischemia driven PCI on degree of myocardial salvage and outcomes. Methods and results: Sixty patients with 1st attack of acute STEMI within 12 h were randomized to 4 groups: primary PCI for patients presented to PPCI-capable centers (group I), transfer to PCI if presented to non-PCI capable center (group II), pharmacoinvasive strategy "Streptokinase followed by PCI within 3-24 h" (group III) and fibrinolytic followed by ischemia driven PCI (group IV). The primary endpoint is the infarction size and microvascular obstruction (MVO) measured by cardiac MRI (CMR) 3-5 days post-MI. Pharmacoinvasive strategy led to a significant reduction in infarction size, MVO and major adverse cardiac and cerebrovascular event (MACCE) compared to group IV but minor bleeding was significantly higher compared to other groups. Conclusions: Pharmacoinvasive strategy resulted in effective reperfusion and smaller infarction size in patients with early STEMI who could not undergo primary PCI within 2 h after the first medical contact. This can provide a wide time window for PCI when the application of primary PCI within the optimal time limit is not possible. However, it was associated with a slightly increased risk of minor bleeding.
Introduction
Primary percutaneous coronary intervention (PCI) is an effective treatment for STEMI when it can be performed rapidly. However, primary PCI is performed in b25% of acute care hospitals in the United States [1] . Many patients with STEMI present to hospitals that do not have on site PCI capabilities and therefore cannot undergo PCI within the timelines recommended in the guidelines; instead, they receive fibrinolytics as the initial reperfusion therapy [2] . Despite the effectiveness and worldwide availability of intravenous thrombolysis, the usefulness of this therapy is greatly threatened by a high proportion of failed reperfusion and a substantial rate of re-occlusion [3] .
Several randomized trials and three contemporary meta-analyses have shown that early routine post-thrombolysis angiography with subsequent PCI within 3-24 h after successful lytic therapy (pharmacoinvasive strategy), reduces the rates of reinfarction and recurrent ischemia compared with a 'watchful waiting' strategy, in which angiography and revascularization were indicated only in patients with spontaneous or induced severe ischemia or LV dysfunction (ischemia driven PCI) [4] .
The recent ESC guidelines of patients presented by STEMI provided class I recommendation for pharmacoinvasive strategy [5] , while it still class IIa recommendation in the ACC guidelines [6] .
The aim of the present study is to assess safety and efficacy of pharmacoinvasive strategy using streptokinase compared to primary PCI and ischemia driven PCI on degree of myocardial salvage and outcomes.
Methods

Study design
This prospective case-control study was conducted on 60 patients with first attack of acute STEMI who had symptoms onset of myocardial ischemia within 12 h in association with persistent electrocardiographic (ECG) ST elevation and subsequent release of biomarkers of myocardial necrosis. ST elevation is defined as new ST elevation at the J point in at least 2 contiguous leads of ≥2 mm (0.2 mV) in men or ≥1.5 mm IJC Heart & Vasculature 21 (2018) [87] [88] [89] [90] [91] [92] [93] (0.15 mV) in women in leads V2-V3 and/or ≥1 mm (0.1 mV) in other contiguous chest leads or other limb leads [7] .
The subjects were randomly divided (using simple randomization tables) into 4 groups: Fig. 1 Group I included 15 patients whom treated with primary PCI at PCI capable center (Ain-shams University Hospitals, Cairo, Egypt).
Group II included 15 patients whom transferred from a non-PCI capable center (Manshiet El-Bakry Hospital, Cairo, Egypt) to a PCI capable center (Ain-shams University Hospitals) for primary PCI. Group III included 15 patients who received fibrinolytic therapy in form of streptokinase in non-PCI capable center (Manshiet ElBakry Hospital) then transferred to PCI capable center (Ain-shams University Hospitals) for PCI within 3-24 h (Pharmaco-invasive strategy). Group IV included 15 patients who received fibrinolytic therapy (streptokinase) in non-PCI capable centers far away from both hospitals then transferred for PCI if the patient developed anginal pain (ischemia driven PCI) to PCI capable center (Ain-shams University Hospitals).
All subjects received acetylsalicylic acid, clopidogrel, unfractionated heparin and high dose statin (Atorvastatin 80 mg) according to the guidelines.
Patients were excluded from the study if their age was b18 years or N70 years, or if they have contraindications of fibrinolytic therapy, cardiogenic shock, serum creatinine above 2.5 mg/dL, multi-vessel coronary artery disease not suitable for revascularization, peripheral vascular disease prohibiting catheterization, mechanical complications of myocardial infarction requiring surgical intervention.
Assessment of myocardial reperfusion after PCI
Thrombolysis in myocardial infarction (TIMI) flow and Myocardial blush grade (MBG) were assessed in all subjects who underwent PCI in groups I, II and III.
TIMI flow is a grading scale for coronary blood flow based on visual assessment of the rate of contrast opacification of the infarct artery [8, 9] . It is divided into grade 0, no perfusion; grade 1, penetration without perfusion; grade 2, partial perfusion; grade 3, complete perfusion [10] . MBG is a grading scale based on visual assessment of contrast density in the infarcted myocardium after reperfusion therapy [11] . MBG has been defined as follows: 0, no myocardial blush or contrast density; 1, minimal myocardial blush or contrast density; 2, moderate myocardial blush or contrast density but less than that obtained during angiography of a contralateral or ipsilateral non-infarct-related coronary artery; and 3, normal myocardial blush or contrast density, comparable with that obtained during angiography of a contralateral or ipsilateral noninfarct-related coronary artery [12] .
Assessment of infarction size
Infarction size was assessed in all subjects within the four groups by:
ECG which was performed on admission and assessed as total summations of ST segment elevation in pericardial leads which is correlated with the extent of myocardial injury then, 1 h after reperfusion to assess the ST segment resolution (from its initial value) after reperfusion which can predict myocardial infarct size [13] . Cardiac biomarkers assessment: Total creatinine kinase (CK) and CK-MB was measured on admission and then serially every 8 h for 24 h, then daily till normalization to detect the peak level [14] . Cardiac MRI (CMR) (on the 3rd-5th day post-reperfusion): The operator was case blinded and the scanning was done with a 1.5-Tesla system (Gyroscan Intera CV; Philips Medical systems). White blood and black blood imaging followed by cine-MRI were performed for determination of cardiac anatomy, functions and wall motion abnormalities. Then, delayed enhancement MRI (DE-MRI) using gadolinium (0.2 mmol/kg IV bolus) was performed after 10 min of gadolinium injection for visualization and measurement of infarction size and microvascular obstruction (MVO) [15] [16] [17] Fig. 2 . Infarct size was determined by delineation of the border of hyperenhanced area in serial short axis cut while MVO was delineated by any region of hypoenhancement within infarct (hyperenhanced) area. After delineation, Infarct size and MVO was automatically calculated by workstation Pride software.
End points
The efficacy (primary) endpoint includes infarct size and MVO assessment. The clinical (secondary) endpoints were death, re-infarction or disabling stroke while the key safety (secondary) endpoint was the incidence of major bleeding.
Statistical analysis
Data was analyzed by SPSS version 19. Continuous variables were presented as mean ± standard deviation (SD) and categorical variables as absolute numbers and percentages. Comparison of demographic and clinical data among the groups was performed using independent t-test for continuous variables and chi-square (χ 2 ) for categorical variables. Pearson's correlation coefficients were calculated to illustrate certain relationships. P values b0.05 were considered significant.
Results
Baseline characteristics
There was no significant difference among the four study groups regarding age, gender and risk factors for ischemia (smoking, diabetes mellitus, hypertension, dyslipidemia, obesity and positive family history) as seen in Table 1 .
Certain characteristics among study population
On admission, only 4 patients (1 patient in each group) presented with KILLIP class II (6.67%) while the rest presented with KILLIP class I.
47 (78%) of study population were presented with anterior STEMI, 13 patients (21%) with inferior STEMI, 8 patients (13%) with posterior STEMI and only 2 patients (3%) with lateral STEMI. There was no significant difference among the study groups as regards localization of STEMI (Table 2 ).
Reperfusion strategies and time delay
A) Patient delay: all study subjects arrived to the primary care unit by their private cars or taxis and no one called the emergency system. The estimated patient delay in the groups I, II, III and IV were 5.8 ± 2.1, 6.4 ± 2.9, 5.77 ± 2.5 and 6.27 ± 2.7 h respectively with insignificant difference (P value N0.05). This means that all patients reached the primary care unit at the end of the golden period of reperfusion. B) System delay:
Group I: door to device time was 57.1 ± 56.3 min. Primary PCI was performed within the recommended door to balloon (D2B) time (b60 min) in 13 (86.7%) patients within this group. Group II: the system delay was 175.7 ± 29.4 min. Primary PCI wasn't performed within the recommended transferal time (90 min) in all patients within this group. System delay in this group included:
The time from arriving to leaving the non-PCI capable center was 47 ± 13 min. • Transfer time: The time from leaving the non-PCI capable center to arrival to the primary PCI-capable center was 94.7 ± 32.3 min.
• Door to Balloon time: the time from reaching the primary PCI-capable center to reperfusion was 34 ± 8.9 min. Group III: Patients presented to non-PCI capable center and received streptokinase then transferred by ambulance to PCI-capable center within 3-24 h. The system delay within this group represented the door to needle time which was 40.67 ± 8.42 min. Only 2 (13%) patients within this group received streptokinase within the recommended door to needle time (30 min). Then all patients underwent PCI within 3-12 h. Group IV: The patients presented to non-PCI capable center and received streptokinase. The system delay within this group also represents the door to needle time which was 40.67 ± 8.84 min. Only 2 patients (13%) received streptokinase within the recommended door to needle time (30 min). No patients within this group required invasive procedure.
C) Time to reperfusion:
The time to reperfusion included the patient and system delays was significantly higher in group II (9.4 ± 3.03 h) compared the other groups (6.8 ± 2.2, 6.3 ± 2.5, 6.9 ± 2.7 h in group I, II, IV respectively with P value 0.01).
PCI was performed only to the culprit artery. The culprit artery was LAD in 34 patients (76% of total study population), LCX in 5 (11%) patients and RCA in 6 (13%) patients with no statistical significant difference (P value 0.05).
There were heavier thrombus burden and lower pre PCI TIMI flow (TIMI-0 and TIMI-I) in patients within group I and group II compared to group III (P value b0.00). Post-PCI TIMI flow was improved in all study groups with no significant differences among them (P value 0.1) but MBG in group III was significantly better than in group I and II (P value = 0.001).
Bare metal stents were implanted in 39 (86.6%) patients while drug eluting stents were used in only 6 patients (13.3%) with average diameter of (3.1 ± 0.6 mm) and (27 ± 11.4 mm) length that were inflated at 13.7 ± 2.8 ATM.
Thrombus aspiration was done in only 6 (13.3%) patients while GP IIb/IIIa inhibitors were needed in 5 (11%) patients.
Infarction size assessment
1) ECG: There was insignificant difference among study groups as regards: a) Net summation of ST segment elevation before management, it was 9.6 ± 3.96, 9.6 ± 6.24, 10.2 ± 4.51 and 9.6 ± 6.24 mV in group I, II, III and IV respectively with P value N0.1. b) Post-reperfusion ST segment resolution was 2.8 ± 1.08, 2.93 ± 1.16, 2.87 ± 0.99 and 3.93 ± 1.16 mV respectively with P value N0.1.
2) Cardiac biomarkers:
Peak serum CK was 2224 ± 1358, 2447 ± 1380, 2353 ± 1304 and 2447 ± 1380 U/L in group I, II, III and IV respectively with P value N0.1 while Peak serum CK-MB was 352 ± 222, 347 ± 259, 375 ± 225 and 347 ± 259 U/L respectively with P value N0.1.
3) Cardiac MRI: Tables 3 and 4 Infarction size was significantly larger in group IV compared to group I (49,770 ± 68,449 vs. 
Follow-up
Major Adverse Cardiac and Cerebrovascular Event (MACCE) were significantly higher in group IV (26.7% of cases) compared to other groups with P value 0.02.
Heart failure occurred in 5 patients (8.33% of total study populations) included 2 patients in group I and 3 patients in group IV. Reinfarction occurred in only 2 patients (3.33%) included one patient in group I and one patient in group IV.
Only one patient in group III had a major bleeding but with no statically significance (P value 0.4).
Minor bleeding was significantly higher in group III (33.3% of the group patients) compared to other groups I, II and III (0%, 0% and 13% respectively) due to puncture site related bleeding with P value b0.05.
Discussion
To the best of our knowledge, the current study is the first prospective study in Egypt assessing both primary PCI and pharmaco-invasive strategies in acute STEMI. The study was conducted on randomized sample as a pilot study for establishment a local referral network serving the patients with acute STEMI. It was a part of primary PCI program endorsed by Egyptian Society of Cardiology (EgSC) for community service.
It was notable in this study that coronary artery disease is attacking young people in Egypt even if they lack risk factors. The mean age of whole study population was 49.6 years ranging from 30 to 65 years. These results were in accordance with Sobhy M et al. who conducted a registry assessing the current situation of Egyptian patients with acute STEMI. The mean age in the registry was 56.01 ± 10.61 years [18] .
In the current study, all study patients arrived to the primary care unit by their private cars or taxis and no one call the emergency system when they decided to receive the medical advice for their ongoing chest pain. This represented a major community problem due to lack of confidence in the Egyptian ambulance organization in ability to reach to the patients and transporting them in an appropriate time. There were no significant differences in estimated time of patients delay between all four groups (average 6.1 ± 2.5 h). But most of patients arrived to the primary care unit at the end of the golden period of reperfusion.
Actually this is one of the most important items in the logistics for establishment of STEMI referral network in Egypt as the patient delay usually represent the major proportion in the total time of ischemia.
In the study, mean patient delay was about 6.1 ± 2.5 h while the mean system delay; even if the transfer time exceeded the recommended time; was 1.3 ± 1.1 h. So patient delay represented about 82% of the total delay from pain onset to reperfusion, while the system delay was only responsible for 18%.
These results were in accordance to that of Salerno et al. [19] who conducted a study to determine factors influencing the call delay in 206 STEMI patients. They found that the patient delay was 2.5 ± 3.5 h and this delay is due to mild pain, trying self-medication and symptoms onset at night or out of home. They found no association between call delay and education level, occupation, cardiovascular risk factors and history.
As regards patients presented to primary PCI-capable center (Group I) in the current study, the system delay (door to device time) was 57 ± 56 min (ranged between 20 and 240 min) which was in accordance to the recommended door to device time of b90 min according to the latest ESC guidelines [20] . 13% of the patients within this group had door to device time N90 min. This time delay needs improvement in healthcare providers' education about the importance of time for these patients. As the possible causes for this delay were due to unavailable free cath lab at time of arrival of the patient, delay in recall the primary PCI's team especially at night as they are usually summoned from home and finally due to procedural delay because of delay in arterial access or delay in wire passage.
These results were comparable to that of the Registry of Information and Knowledge about Swedish Heart Intensive Care Admissions (RIKS-HIA) [21] . Investigators reported outcomes from 26,205 consecutive patients with STEMI treated with reperfusion therapy between 1999 and 2005 at 75 hospitals in Sweden. The median symptom-to-needle and symptom-to-balloon times were 120 min for patients receiving prehospital fibrinolysis (n = 3078), 167 min for those receiving in-hospital fibrinolysis (n = 16,043), and 210 min for patients receiving primary PCI (n = 7084). Despite these incremental delays to angioplasty, primary PCI was associated with significantly lower early and late mortality than either prehospital or in-hospital fibrinolysis [21] .
The Global Registry of Acute Coronary Events (GRACE) is an international observational registry collecting data on the characteristics, management and outcomes of patients with acute coronary syndromes (ACS), including myocardial infarction STEMI, NSTEMI and unstable angina. Data from all non-transfer patients presenting between 1999 and 2006 to GRACE hospitals within 12 h of symptom onset, were analyzed (n = 10,954 patients). The median time to fibrinolysis was reduced from 40 min in 1999 to 34 min in 2006 (P b 0.001) but the delay to primary PCI remained unchanged. Door to balloon (D2B) time was 89 min versus 87 min respectively with P value 0.100 [22] .
As regards, patients presented to non-PCI capable center and transferred to primary PCI (Group II), the system delay was 175.7 ± 29 min (ranged between 145 and 255 min).
The National Registry of Myocardial Infarction (NRMI) demonstrated that for patients transferred from other hospitals or emergency departments to PCI-capable center in US, D2B time decreased from 226 to 139 min [23] .
In patient presented to non-PCI capable center and received streptokinase then transferred to PCI-capable center within 3-24 h (Group III) or undergo ischemia driven PCI (Group IV), the system delay represent the door to needle time which was 40.7 ± 8.6 min (ranged between 30 and 60 min). These results were in accordance to that of the Global Registry of Acute Coronary Events (GRACE). They demonstrated that the median time to fibrinolysis was reduced from 40 min in 1999 to 34 min in 2006 (P b 0.001) [22] .
Also, Carrillo et al. [24] stated that diagnostic and system delays were shorter in patients received in situ fibrinolysis than patients transferred to a PCI-capable center. They were 24 versus 31 min (P = 0.001) and 45 vs. 119 min (P = 0.001) respectively. But, they concluded that, in early STEMI patients assisted in non-capable PCI centers, in situ fibrinolysis had worse prognosis than patient transfer.
Before PCI, Group I and II showed heavier thrombus burden with lower TIMI flow compared to that of group III (P value = 0.00). After PCI, there was insignificant difference among the three groups as regard TIMI flow (P value = 0.1) but MBG was significantly better in group III than in both groups I and II (P value = 0.00).
The primary endpoint of the present study was infarction size that was assessed by ECG, cardiac biomarkers and delayed gadolinium enhancement cardiac MRI within 3-5 days after infarction. In the last two decades, MRI has emerged as the prime player in the clinical and preclinical detection of IHD as well in prognosis assessment [25] . Late gadolinium enhancement (LGE) imaging is a well validated, accurate and reproducible tool for sizing acute, healing and healed infarcts [26] .
In the present study, there was significantly larger infarction size detected by MRI in group IV compared to other groups I, II There was smaller infarction size in group III compared to group II but these differences were statistically non-significant (P value N0.05). And no significant difference between group I and III as regard infarction size (P value 0.51).
There were no significant differences regarding MVO or ejection fraction among all four groups.
The result of the present study is also compatible to that of GRACIA-1 trial [3] GRACIA-1 trial was conducted on 500 STEMI patients randomly assigned to a routine invasive strategy within 24 h of fibrinolysis (median, 16.7 h) or an ischemia guided approach. The primary composite end point of death, reinfarction, or ischemia-driven revascularization at one year was lower in the early invasive group. Also, Khan et al. [27] measured infarction size and MVO in 94 STEMI patients whom received reperfusion therapies in form of primary PCI (47 patients); thrombolysis (12 patients); rescue PCI (8 patients), late PCI (6 patients) while 21 patients presented late (N12 h) and did not receive reperfusion therapy. Infarction size was smaller in primary PCI (19.8 ± 13.2% of LV mass) and thrombolysis (15.2 ± 10.1%) groups compared to patients in the late PCI (40.0 ± 15.6%) and rescue PCI (34.2 ± 18.9%) groups, P b 0.001. The prevalence of MVO was similar across all groups and was seen at least as frequently in the nonreperfused group. They concluded that, in patients with acute STEMI, CMR-measured MVO is not exclusive to reperfusion therapy and is primarily related to ischemic time.
In the present study, the incidence of Major Adverse Cardiac and Cerebrovascular Event (MACCE) in group IV was higher compared to group III (27% vs. 0%, P value 0.02) and it was in form of heart failure (20%) and Re-infarction (7%).
There was no significant difference between group III and group I as regard MACCE. These results are in accordance to those of the NORDISTEMI study [28] as they compared between two strategies either immediate transfer for PCI after receiving thrombolysis or standard management in form of thrombolysis with early transfer, only if indicated for rescue or clinical deterioration. They found that the composite of death, re-infarction, or stroke at 12 months was significantly reduced in the early invasive group compared with the conservative group (6% vs. 16%, P value 0.01).
Minor bleeding was significantly higher in group III (33.3%) compared to group I (0%), group II (0%) and group IV (11.6%) due to puncture site related bleeding (P value 0.006).
Limitations
The limitations in this study were the small sample size, short term of follow-up (restricted to in hospital stay) and long transferal time of patients to hospitals. All patients had a gap time of 5-6 h after the onset of heart attack to receive a medical treatment of STEMI. This may potentially influence the infarct size and the disease prognosis õindependently from the methods of PCI or pharmacoinvasive strategy. Parameters such as types and doses of the contrast agents and prophylaxis regimen for the contrast-induced nephropathy were not stated.
Conclusions
Pharmacoinvasive strategy resulted in effective reperfusion and smaller infarction size in patients with early STEMI who could not undergo primary PCI within 2 h after the first medical contact. This can provide a wide time window for PCI when the application of primary PCI within the optimal time limit is not possible. However, it was associated with a slightly increased risk of minor bleeding.
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